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BACKGROUND AND AIMS 
This technical paper describes the simulated flow pattern 
during the spring tide cycle at the port of Zeebrugge 
(Belgium) with three different models. To optimize the port 
accessibility the main aims are (i) to reduce severe flood 
tidal cross-currents (u > 2 m/s) at the entrance; (ii) to 
minimize the siltation rate inside the port and the access 
channel and (iii) to find the best solution out of various 
proposed design scenarios. The research focuses mainly 
on the hydrodynamic part of the study. A large physical 
scale model (PhM) was constructed at Flanders 
Hydraulics Research (FHR) to perform detailed analysis of 
the spring tidal flow in this zone. Besides, two 3D 
numerical model simulations have been set-up in Delft3D 
and in Telemac3D as commonly used by researchers and 
engineers. These three models are used in combination 
with the available on-site data to understand the flow 
pattern around and inside the port. 
 
PHYSICAL AND NUMERICAL MODELING 
A distorted PhM with fixed bed of the port configuration was 
constructed at FHR with an area of 2000 m² and a 1:300 
horizontal and 1:100 vertical scale. The model was 
successfully calibrated (Willems et al., 2014) using on-site 
measured water levels and current velocities and directions. 
Various measuring techniques were used to measure water 
levels and current velocities. A Particle Tracking Velocimetry 
(PTV) measuring technique was used to generate 
instantaneous 2D-velocity vector maps. The results of the 
first tested design scenarios were presented by Hassan et 
al. (2014). A deep sand-pit and different layouts of 
breakwaters around the entrance were tested. Three 
scenarios were selected to compare the PhM results with 
the two numerical model simulations. The Delft3D and 
Telemac3D models were set-up to simulate the tidal flow 
around the port in a larger domain than the PhM. The 
calibrated numerical models predict reasonably well the 
water level variations, the flow pattern and the high cross-
flow velocities (≈ 2 m/s) as observed in the field. 
 
RESULTS AND MODELS INTERCOMPARISON 
This combination of multiple model results (physical and 
numerical) and the available field data is a unique research 
platform to perform a detailed analysis of the existing 
hydrodynamic problems at the port of Zeebrugge. It is also 
a good opportunity to evaluate, understand and improve 
the various modeling tools. Simulations of three different 
scenarios are used to intercompare these models. The first 
scenario is the existing situation (T0), the second scenario 
includes excavating a 10 m deep pit in front of the port 
entrance and the third one includes an extra breakwater at 
the western side of the port. In general, water level 
variations are very well by all models during the tidal cycle 
as shown in Figure 1 for T0. 
 
 
Figure 1 – Computed and measured water levels during 
the tidal cycle (Delft3D, Telemac and PhM). 
 
All models are able to simulate more or less the same flow 
pattern around the port entrance. However, the predicted 
velocity magnitudes show some differences between the 
model results at various moments and locations. In order to 
obtain the best possible results it is recommended to use 
the relative impact of a certain design scenario by taking 
into account the differences in model calibration. An 
example of the maximum flood flow velocity computed by 
Delft3D is presented in Figure 2. 
 
Figure 2 – Computed maximum flood velocity at 50 min 
before high water (Delft3D). 
 
REFERENCES 
Hassan, W.; Willems, M.; Troch, P. (2014): A detailed 
hydrodynamic study on tidal flow at the port of Zeebrugge, 
5th International conference on the application of physical 
modelling to port and coastal protection - Coastlab14, 29 
Sep 2014 – 02 Oct 2014, Varna, Bulgaria. 
Willems, M.; Hassan, W.; Heyvaert, G. (2014): Calibration of 
the large physical model of the port of Zeebrugge, 3rd IAHR 
Europe Congress, book of proceedings, 2014, Porto – 
Portugal. 
